2-(2'-Hydroxyphenyl)benzoxazole, like other o-hydroxyphenylbenzazoles, forms after excited-state intramolecular proton transfer the trans-keto tautomer,
Introduction
The excited-state intramolecular proton-transfer (ESIPT) reaction of o-hydroxyphenylbenzazoles (1) has been studied 0 cis -enol cis -keto trans -keto 1 extensively in recent years.' In inert solvents, the cis-enol, 'E, (cf. Scheme 1) is the most stable form in the ground state. After excitation to the first excited singlet state, IE*, ESIPT takes place in the subpicosecond time range, yielding the excited cisketo form, 'K*,,, which emits a strongly Stokes-shifted fluorescence. In the case of 2-(2'-hydroxyphenyl)benzoxazole (1, X = 0; HBO), Itoh and Fujiwara2 observed in flash experiments a transient absorption to which a double-exponential decay was fitted with the lifetimes za = 0.26 p s and z b = 10.9 p s at room temperature. The long-lived transient with zb = 10.9 ps could be quenched by oxygen and was therefore assigned to the triplet state of HBO which is formed after ESIPT from 'K*,,. The short-lived transient (z, = 0.26 p s ) Itoh and Fujiwara2 assigned to the cis-keto form in its ground state, I&,.
In our laboratory we found in nonpolar HBO solutions a transient a b~o r p t i o n~.~ whose nonexponential decay kinetics depended strongly on the transient concentration. We did not observe an oxygen-insensitive transient and proposed that the nonexponential decay was due to second-order triplet-triplet annihilation (TTA). The detection of a delayed fluorescence at high transient concentrations5 corroborated this assumption. The observation of a dual phosphorescenceS revealed that after ESIPT the triplet states of the keto form, 3K*cl, and of the enol form, 3E*cl, are populated via IK*,,.
In 1990 Brewer et aL6 observed the formation of the transketo isomer, 'Kt, (cf. Scheme 1) in the case of 2-(2'-hydroxypheny1)benzthiazole (1, X = S; HBT). This oxygen-insensitive transient decays in a second-order back to the stable enol form by intermolecular double proton tran~fer.~ With 2-(2'-hydroxyphenyl)-3-H-indole (1, X = C(CH3)2; HBC) too, the corresponding trans-keto form has been observed r e~e n t l y .~ 0022-365419512099-10066$09.0010 SCHEME 1
also decays in dry nonpolar solvents by double proton transfer, as shown schematically in Figure 1A . In both compounds, the absorption spectra of the trans-keto tautomers and of the triplet states strongly overlap. Furthermore, it tumed out, that the reenolization of the trans-keto form can be very efficiently catalyzed by protic additives such as methanol or water,9 whereby the trans-keto lifetime is shortened several orders of magnitude and the decay becomes first order. If methanol is the proton donor, two alcohol molecules are involved in the re-enolization (cf. Figure 1B) . The formation of 'Ktr is thermally activated: At ambient temperatures the quantum yield of 'Ktr formation is high, below -140 K it becomes r~egligible.~.~ These recent observations, especially the proton-catalyzed trans-keto re-enolization, led us to reexamine HBO in nonpolar solution and, indeed, it tumed out that HBO is no exception in that it forms, like HBT and HBC, the trans-keto tautomer. Its formation has been o v e r l~o k e d~,~ because in the inert solvent 3-methylpentane (3MP) it is difficult to distinguish the transketo decay from the triplet-state decay and because traces of protic impurities drastically shorten the trans-keto lifetime, as we will show in this letter.
Experimental Section
Solutions of HBO in 3MP were excited with an excimer laser (308 nm, -500 mJlcm2). The purification of HBO and 3MP, the registration and analysis of the transient absorption have been described.J To add small amounts of water to a degassed and dried solution, 6.0 mL of saturated water vapor (2 "C) were condensed into 4.0 mL of an HBO solution, as described in detail in ref 9 .
Results and Discussion
In Figure is quite complex in dry 3MP, and since the absorption spectra of the two components overlap (cf. Figure 3) and the secondorder rate constants &k and 62, are quite similar in value, it is not possible to determine kt, and &f in dry 3MP, Le., to distinguish kinetically between the two transients. In watercontaining 3MP the kinetic analysis is less complicated because after -0.5 ps (cf. Figure 2C) the contribution of the protonquenched trans-keto tautomer to the absorbance becomes negligible and one can determine with good accuracy the triplet rate constants kl and 02' from traces with low time resolution (cf. Figure 2B) . Assuming that the triplet decay is the same in dry 3MP, these values were used as fixed parameters for a fit of the composite decay law resulting from eqs 1-3 to the Aobs Letters decay in dry 3MP (Figure 2A) . It is not the purpose of this fit to provide an accurate value of f3zk but rather to show the approximate time dependence of the quite substantial 'Ktr absorbance contribution (dotted line in Figure 2A ) to the total absorbance Aobs(t). To determine 1 3 2~ accurately, it would be necessary to investigate dry air-or oxygen-equilibrated solutions.
The reason why we did not recognize earlier3s4 the presence of the oxygen-insensitive transient IKtr is embarrassingly trivial: To find out whether the transient species was quenched by oxygen, we equilibrated a dried 3MP/HBO solution with air simply by opening the sealed cell. With this procedure not only the triplet lifetime was shortened by the dissolved oxygen, but also the trans-keto lifetime by the introduction of moisture, resulting in a decay curve similar to Figure 2D which we misinterpreted as oxygen-quenched triplet decay. If one performs the quenching experiment properly with dried oxygen or air, only about one-quarter of the transient absorption is quenched.
The lifetime of 'Ktr in water-containing 3MP (cf. Figure 2C ) is 5('Ktr) = 0.25 ps. This value is very close to z, = 0.26 ps found, as mentioned above, by Itoh and Fujiwara. 2 We therefore presume that the 3MP solution investigated in ref 2 contained traces of water. This would imply that the absorption and, in two-step-laser-excitation (TSLE) experiments, the emission of the proton-quenched trans-keto tautomer had been observed2 and not that of the cis-keto tautomer.
The absorption spectra of the two transients are shown in Figure 3 . They were determined with a water-containing solution from traces like the one in Figure 2C . The spectra agree with those published by Itoh and Fujiwara ( Figure 2 of  ref 2 ) which supports our assumption that in this work, too, the trans-keto tautomer has been observed.
The yield of trans-keto formation decreases strongly at lower temperatures. From the difference of the absorbance amplitudes at zero time, Aoobs -Aoi = AOk, obtained from curves like those shown in Figure 2C , the temperature dependence of the relative trans-keto yield, Qrel = A0k(T)/A0k(280 K), has been determined and listed in Table 1 . Evidently, are[ becomes virtually zero below -160 K. Since, in addition, the triplet yield increases strongly at lower temperature^,^ the contribution of the transketo tautomer to the total absorbance Aobs(T) becomes negligible below -200 K. Thus, the 293 K absorption spectrum published by us in ref 3 (Figure 1) consists mainly of 'Ktr, the 201 K spectrum almost entirely of 3HBO*. If one determines the transient spectrum with low time resolution (10 ps in ref 4) , most of the trans-keto tautomer has decayed, as the calculated IK,, and 3HBO* absorbance curves in Figure 2A show, and one observes also at higher temperatures mainly the triplet spectrum (cf. Figure 2 in ref 4) .
Conclusion
HBO forms after ESIFT, like HBC and HBT, with high quantum yield the trans-keto tautomer. In inert solutions this transient decays in a second-order reaction. Therefore, it has been confused3 with the absorbance of the HBO triplet state which, in part, decays by second-order triplet-triplet annihilation. Traces of water shorten only the trans-keto lifetime and make the two transients easily distinguishable in nanosecond flash experiments. The contribution of the trans-keto tautomer to transient absorption signals becomes negligible below -200 K so that the transient absorbance studies of proton transfer processes in the triplet ~t a t e~, '~, ' at lower temperatures are not seriously affected. At ambient temperatures, however, the presence of the trans-keto tautomer has to be taken into account in kinetic studies. We presume that in the TSLE experiments of Itoh and Fujiwara2 the emission of the (proton-quenched) trans-keto tautomer has been observed, and not that of the cisketo tautomer. The latter is presumably very short-lived and can therefore not accumulate in detectable concentrations in flashed solutions of HBO.
